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Abstract 
During their operation, modern aircraft engine components are subjected to increasingly demanding operating conditions, 
especially the high pressure turbine (HPT) blades. Such conditions cause these parts to undergo different types of time-dependent 
degradation, one of which is creep. A model using the finite element method (FEM) was developed, in order to be able to predict 
the creep behaviour of HPT blades. Flight data records (FDR) for a specific aircraft, provided by a commercial aviation 
company, were used to obtain thermal and mechanical data for three different flight cycles. In order to create the 3D model 
needed for the FEM analysis, a HPT blade scrap was scanned, and its chemical composition and material properties were 
obtained. The data that was gathered was fed into the FEM model and different simulations were run, first with a simplified 3D 
rectangular block shape, in order to better establish the model, and then with the real 3D mesh obtained from the blade scrap. The 
overall expected behaviour in terms of displacement was observed, in particular at the trailing edge of the blade. Therefore such a 
model can be useful in the goal of predicting turbine blade life, given a set of FDR data. 
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Abstract 
The r search is focused on simulation and experimen al investigation of h gh-strain rate l ding t  study the mechanisms of 
plastic flow localization and failure mode transition in metals (AlMg6). The task of breaking down barriers by metal shell was 
examined. Model based on the statistical-thermodynamic description of deformation of solids with mesoscopic defects 
(microshears and micro-cracks) was used to simulate the behavior of metals under dynamic loading. Experimental studies were 
also carried out. The real-time lateral surface temperature was measured by high speed infrared camera CEDIP Silver 450M. The 
consistent result of “in-situ” experiment is the elevated temperature of strain localization area that doesn’t exceed 72°C. The 
results of numerical simulation are in a good agreement with the in-situ measured infrared experimental data. Experimental and 
theoretical (numerical) study of dynamic strain localization allowed us to establish the structure induced mechanism of plastic 
strain localization as possible mechanism of transition to the adiabatic shear failure. Evaluated temperature in the strain 
localization area (72°C) will not support conventionally used mechanisms of plastic strain localization as autocatalytic 
temperature control visco-plastic phenomena. Structural study of defect induced scaling properties revealed the correlated 
behavior of microshear ensemble that can be classified as structural transition providing the dynamic strain localization. 
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1. Experimental investigation 
AlMg6 samples were studied using the ballistic installation (Fig. 1). A gas gun was used for a shot at the target. 
 
 
Fig. 1. Schema of a ballistic installation. The numbers stand for: 1 - high-pressure chamber, 2 - barrel 3 - photosensors, 4 - pan, 5 - projectile, 6 - 
cutter, 7 - frame, 8 - target fixation 9 – target (specimen) 10 - reception chamber 11 - catcher. 
 
The AlMg6 alloy was chosen as the material, which revealed the strain localization under dynamic loading (Fig. 
2). The real-time rear surface temperature was measured by high speed infrared camera CEDIP Silver 450M. Main 
specifications of camera are: sensitivity not less than 25 mK at 300 °K, the spectral range is 3-5 mm, maximum 
frame size is 320x240 pixels. The consistent result of “in-situ” experiment is the elevated temperature of strain 
localization area that doesn’t exceed 72°C. 
 
 
 
Fig. 2. Target (specimen) and projectile after test. 
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2. Mathematical formulation of problem 
The model based on the statistical-thermodynamic description of deformation of solids with mesoscopic defects 
(microshears) was used to simulate the behavior of metals under dynamic loading. According to Naimark (2003), 
the complete system of differential equations describing the behavior of materials under dynamic deformation has 
the form: 
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Where E is unit tensor; ߩ is the mass density; ࣏ is the velocity; ࣌ is the stress tensor; ࣌௦ is the spherical part of the stress tensor; ࣌ௗ is the deviator part of the stress tensor; ࢿሶ  is the stain rate; ࢿሶ ௘ is the elastic strain rate; ࢿሶ ௣ is the plastic strain rate; p is the tensor of micro-defects density; ߣ and G are the elastic material constants; Cp is the heat 
capacity, T is the temperature; F is the free energy which is a function of p, ࣌; ݈ଵǡ ݈ଶǡ ݈ଷ are kinetic coefficients satisfying the inequality: ݈ଵ݈ଷ െ ݈ଶଶ ൐ Ͳ. The system consists of the equation of motion (1), the mass conservation equation (2), the geometric equation 
(3), the constitutive equations for material with defects (4-6), the kinetic equation for the tensor of micro-defects 
density (7) and the equation of the temperature balance (8). 
3. Results of numerical solution 
Identification of the model parameters ݈ଵǡ ݈ଶǡ ݈ଷ was made using previously obtained experimental data on AlMg6 cylindrical specimens. Cylindrical specimens were deformed under the Kolsky bar torsion test at 1000 s-1 strain rate. 
During this experiment uniaxial stress-strain diagram was obtained. 
The procedure of determination of the parameters of the model was made in the one-dimensional formulation. 
Numerical experiment corresponding to uniaxial loading with the same characteristic strain rate was carried out. The 
theoretical stress-strain diagram was obtained in the numerical experiment and compared with the experimental 
data. The minimization problem of the deviation of the theoretical and experimental stress-strain diagram was 
formulated and solved to define the model parameters (Fig. 3). 
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Fig. 3. Stress-strain diagram. Theoretical (blue) and experimental by Skripnyak (2013) (orange). 
 
The equations (4-8) were inserted into the software package Abaqus using subroutine for three-dimensional 
calculations. The results of numerical solution are presented on fig. 4-8. 
 
 
Fig. 4. The field of distribution of the temperature (0C). 
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Fig. 5. The field of distribution of the damage parameter. 
 
As it can be seen from numerical solution the areas of intensive strain localization coincide with the areas of the 
most intensive growth of the defects. Furthermore, the greatest heat generation also occurs in intensive strain 
localization areas. However, the temperature in strain localization area doesn’t exceed 840C. The results of 
numerical simulation are in a good agreement with the in-situ measured infrared experimental data. 
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Fig. 6. The field of distribution of the strain tensor intensity. 
 
 
Fig. 7. The field of distribution of the stress tensor intensity. 
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Fig. 8. The field of distribution of the shear component of the strain tensor. 
 
4. Structural investigation 
After the experiment, the surface topography of the damage area was studied using an optical interferometry 
(NewView-5010). The Hurst exponent and the scale of the area of correlated behavior of microshears induced 
roughness were calculated according to the formula by Froustey (2010). It was shown that the multiscale collective 
behavior of defects, triggering a sharp decrease of the stress relaxation time can be considered as the leading 
structural mechanism triggering the dynamic strain localization as the precursor of adiabatic shear failure. 
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Fig. 7. The field of distribution of the stress tensor intensity. 
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Fig. 8. The field of distribution of the shear component of the strain tensor. 
 
4. Structural investigation 
After the experiment, the surface topography of the damage area was studied using an optical interferometry 
(NewView-5010). The Hurst exponent and the scale of the area of correlated behavior of microshears induced 
roughness were calculated according to the formula by Froustey (2010). It was shown that the multiscale collective 
behavior of defects, triggering a sharp decrease of the stress relaxation time can be considered as the leading 
structural mechanism triggering the dynamic strain localization as the precursor of adiabatic shear failure. 
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5. Conclusion 
Experimental and theoretical (numerical) study of dynamic strain localization allowed us to establish the 
structure induced mechanism of plastic strain localization as a possible mechanism of transition to the adiabatic 
shear failure. Evaluated temperature in the strain localization area (72°C) will not support conventionally used 
mechanisms of plastic strain localization as autocatalytic temperature control visco-plastic phenomena. Structural 
study of defect induced scaling properties revealed the correlated behavior of microshear ensemble that can be 
classified as structural transition providing the dynamic strain localization. 
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